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Background To date little has been published about epidemiology and public
health capacity (training, research, funding, human resources)
in WHO/AFRO to help guide future planning by various stakeholders.
Methods A bibliometric analysis was performed to identify published epi-
demiological research. Information about epidemiology and public
health training, current research and challenges was collected from
key informants using a standardized questionnaire.
Results From 1991 to 2010, epidemiology and public health research output
in the WHO/AFRO region increased from 172 to 1086 peer-reviewed
articles per annum [annual percentage change (APC)¼ 10.1%, P for
trend < 0.001]. The most common topics were HIV/AIDS (11.3%),
malaria (8.6%) and tuberculosis (7.1%). Similarly, numbers of first
authors (APC¼ 7.3%, P for trend < 0.001), corresponding authors
(APC¼ 8.4%, P for trend < 0.001) and last authors (APC¼ 8.5%, P
for trend < 0.001) from Africa increased during the same period.
However, an overwhelming majority of respondents (490%) re-
ported that this increase is only rarely linked to regional
post-graduate training programmes in epidemiology. South Africa
leads in publications (1978/8835, 22.4%), followed by Kenya (851/
8835, 9.6%), Nigeria (758/8835, 8.6%), Tanzania (549/8835, 6.2%)
and Uganda (428/8835, 4.8%) (P< 0.001, each vs South Africa).
Independent predictors of relevant research productivity were
‘in-country numbers of epidemiology or public health programmes’
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[incidence rate ratio (IRR)¼ 3.41; 95% confidence interval (CI)
1.90–6.11; P¼ 0.03] and ‘number of HIV/AIDS patients’
(IRR¼ 1.30; 95% CI 1.02–1.66; P< 0.001).
Conclusions Since 1991, there has been increasing epidemiological research
productivity in WHO/AFRO that is associated with the number of
epidemiology programmes and burden of HIV/AIDS cases. More
capacity building and training initiatives in epidemiology are
required to promote research and address the public health chal-
lenges facing the continent.
Keywords Epidemiology, public health, training, Africa, capacity building,
retention, research, WHO/AFRO
Introduction
Purpose and objectives
This is the first article commissioned for each of the
six WHO regions by the International Epidemiological
Association to provide an overview of epidemiology
capacity—defined as training, research, funding and
human resources—and to make recommendations
to address current challenges. Information gathered
will support strategic planning by the International
Epidemiological Association, governments and
non-government organizations involved in public
health and epidemiological training and research.
Definition of WHO/AFRO
The WHO is the specialized United Nations agency for
global health matters. Its presence in the sub-Saharan
region of Africa consists of the WHO Regional Office
for Africa (WHO/AFRO), a Secretariat for the African
region, three inter-country support teams and WHO
Country and Liaison Offices located in each of the 46
member states of WHO/AFRO. Eight other African
countries (Morocco, Libya, Egypt, Tunisia, Sudan,
South Sudan, Djibouti, Eritrea and Somalia) are
included the WHO’s Eastern Mediterranean Regional
Office. This article considers only countries in WHO/
AFRO.
Epidemiology vs public health research and
training
‘Epidemiology’ as used in this manuscript is defined
as the study of the occurrence and distribution of
health-related states or events in specified popula-
tions, including the study of the determinants
influencing such states, and the application of this
knowledge to control health problems.1 In high-
income countries, the emphasis of epidemiological
research is often on finding and elucidating causal
relationships. In Africa, however, the application of
epidemiology ‘to control health problems’ appears to
be of primary interest. In this sense, ‘epidemiological
research’ is often used synonymously with ‘public
health research’. This use is somewhat misleading,
however, because public health research as a branch
of investigation generally uses a wider range of
approaches than traditional epidemiological research
alone. Epidemiology in African settings often still
focuses on communicable disease conditions, but
this focus will widen alongside the growing interest
in non-communicable diseases. However, whether
epidemiological research will ever include, comple-
ment or overlap with social science research remains
to be seen. These fields are currently very separate—
taught and practised in separate compartments of sci-
ence and health—but a re-focusing on chronic dis-
ease, coupled with a renewed interest in the social
determinants of health, may well cause a convergence
of epidemiology, public health research and social sci-
ence research methods to describe health-related
states and health impact. Although others have re-
viewed medical education2 and biostatistics resources
and research strengthening in sub-Saharan Africa,3 to
our knowledge, no review focusing on epidemiological
training and research output in WHO/AFRO has been
published previously.
Burden of disease and risk factors
in WHO/AFRO
Eleven million deaths, including 5.78 million in males
(52%), were estimated to occur in Africa in 2007,
representing about one-sixth of the world’s deaths
that year. Forty-one percent of deaths in Africa in
2007 occurred in children aged 0–4 years, mainly
associated with infectious diseases including diar-
rhoeal diseases, malaria and lower respiratory infec-
tions, as well as adverse perinatal conditions. The
high rate of childhood deaths largely explains the
low median life expectancy of 54 years in this
region, considerably lower than that in other regions.4
Communicable diseases, mainly HIV/AIDS, tubercu-
losis (TB) and malaria, continue to be associated with
the highest proportion of documented deaths in
Africa through ages 0–5 years, peaking again in
adults aged 30–44 years. Of all deaths due to commu-
nicable diseases in the AFRO region, 68% are asso-
ciated with HIV/AIDS.5 Mortality associated with
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HIV/AIDS at any age was 14.7% in the AFRO region,
compared with 3.5% globally. Global HIV incidence
fell by425% between 2001 and 2009 in 33 countries
surveyed, 22 of which are in sub-Saharan Africa.6
During the past 2 decades, the number of new TB
cases has tripled in high HIV prevalence countries.
In 2008, there were an estimated 1.4 million
HIV-positive TB patients globally, roughly 80% of
whom lived in the AFRO region.7 The global
number of malaria cases increased from 223 million
in 2000 to 244 million in 2005, but decreased to 225
million in 2009. Although decreased malaria burden
has been documented in other WHO regions, the lar-
gest absolute decrease in malaria deaths occurred in
the AFRO region.8
The region also has a rapidly increasing burden of
non-communicable conditions including high blood
pressure, diabetes and cancer in certain countries,
which leads to widening health gaps between and
within countries.3 Southern countries share a rela-
tively higher burden of both HIV/AIDS and
non-communicable diseases.9–14 Recent estimates for
South Africa are concerning: WHO estimates its
burden from non-communicable diseases to be two
to three times higher than of developed countries.15
Non-communicable diseases appear to be increasing
in rural parts of South Africa and are driving
increased demand for chronic medical care.16,17 Also
in South Africa, violence and trauma contribute to
total disease burden, especially among the poor,15
but the distribution and pattern of morbidity and
mortality are shaped by the major intermediate risk
factor of malnutrition, which also causes marked
height disparities between higher and lower
socio-economic groups. Other determinants of disease
burden include a lack of food security, poor access to
safe sanitation, prevalence of indoor pollutants and
high unemployment.18
Although HIV prevalence is high in the WHO/AFRO
on average, it ranges from single digits in west, cen-
tral and east Africa to double digits in southern
Africa. This heterogeneity has been the subject of nu-
merous studies. Among its causes are variability
among these countries with regard to behavioural
and socio-cultural factors, high population mobility,
inequalities of wealth, gender inequality, intergenera-
tional sex, gender and sexual violence, stigma, mul-
tiple concurrent partnerships and levels of male
circumcision.19,20 Unsafe sex, defined as sex with an
infected person without any measures to prevent HIV
infection, accounts for 13.5% of disability-adjusted
life-years lost in Africa, compared with <3% in any
other region in the world.3
Although communicable diseases together with peri-
natal and maternal conditions are still a grave threat
and non-communicable diseases and non-intentional
injuries growing threats, much about contemporary
morbidity and mortality in African countries is un-
clear owing to lack of consistent, reliable and updated
data. Essential health information in the region is
often based on ‘studies’ and ‘surveys’ that may have
local and regional biases rather than using well-
functioning national registries.21,22
Materials and methods
Key informants
Information about epidemiology training models,
current research and challenges was collected from a
convenience sample of 10 key informant expert epi-
demiologists attending the Africa Regional Meeting at
the 2011 International Epidemiological Association
Conference, August 7–9, 2011, Edinburgh, UK, using
a standardized questionnaire that was also sent
to and completed by 11 of the 14 authors of this
manuscript.
Bibliometric analysis
We also conducted a bibliometric analysis using the
online version of the Science Citation Index Expanded
(SCI-Expanded), the Social Science Citation Index
(SSCI) and the Thomson Reuters Web of Science.
All original articles and papers from conference pro-
ceedings published from 1991 through 2010 that in-
clude the keywords epidemiology, epidemiological,
epidemiologic, epidemiologist, epidemiologists, epi-
demiology, ‘public health’, ‘public healthcare’ and
‘public healthy’ in the title, abstract, author keywords
or Keywords Plus and had at least one author whose
address was in a WHO/AFRO country were selected.
Records were downloaded into Microsoft Excel 2007,
and additional coding was done manually to obtain
frequency distributions and proportions. All words in
the article title and keywords reported by authors and
assigned by Web of Science were identified and
divided into 5-year intervals (1991–95, 1996–2000,
2001–05 and 2006–10), after which they were
ranked and frequencies calculated. Type of research
collaboration depended on author addresses. ‘Single
country article’ was assigned if researchers’ addresses
were all from the same country. ‘Internationally col-
laborative article’ applies to articles co-authored by
researchers from more than one country or territory.23
The impact factor of a journal was determined for
each document as reported in the Journal Citation
Reports 2010.
Statistical analyses
To allow weighted comparisons, the ratios of the
number of publications from countries to their popu-
lation, gross domestic product and health expenditure
were calculated. Pearson’s correlation analysis was
used to examine the association between national
population, gross domestic product, health expend-
iture and research productivity. Poisson regression
models were used to estimate the time trends in the
number of indexed articles. Results of trend analyses
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are reported as average annual percentage change
(APC). To estimate the APC, the following regression
model was used:
log puby
  ¼ b0 þ b1y
APC ¼ eb1  1  100
where log (puby) is the natural log of publication in
year y, b0 is the intercept and b1 is trend.
24 The APC
was first computed for all WHO/AFRO countries
together and then by region (central, east, north,
west and southern Africa). Univariate and multivari-
ate negative binomial regression models were used to
explore factors associated with variation in research
productivity. Negative binomial regression, using a
robust method, has been shown to address the failure
of the Poisson regression model in the presence of
statistical over dispersion by adding a parameter
that reflects unobserved heterogeneity among obser-
vations (i.e. greater variability in the number of
indexed articles than might be expected).25,26
Univariate (unadjusted) negative binomial regression
analyses were used to investigate the bivariate rela-
tionship between each country-level factor (listed
earlier in the text) and total research productivity.
Multivariate (adjusted) negative binomial regression
analyses were carried out to determine which
country-level factors were independently associated
with total research productivity. Only factors asso-
ciated with the research productivity at the univariate
level were included in the multivariate model. Results
were presented as incidence rate ratio (IRR) with 95%
confidence intervals (CIs) and percentage change.
Exponents of coefficients negative binomial regression
models were equal to the IRR. For correlation analysis
and negative binomial regression, country-level indi-
cators were log transformed to linearize these associ-
ations. Data were processed and analysed with Stata
11 software (Stata Corp., College Station, TX, USA).
Epidemiology and public health
training
Academic institutions/graduate-level training
in epidemiology or public health
Sub-Saharan Africa faces considerable public health
challenges that require a well-trained and robust
workforce. During the past decade, epidemiological
training in Africa has grown, but much more is
needed. In 2007, AfriHealth estimated that roughly
50 academic institutions in the AFRO region were
providing graduate-level training in public health.27
Supplementary Table S1 (available as Supplementary
data at IJE online) lists the main academic public
health and/or epidemiology training programmes
offered through African universities. Of note, doctoral
programmes or other higher-level training in epidemi-
ology are scarce.
South Africa and Nigeria have the most academic
institutions offering post-graduate training in public
health and/or epidemiology. The University of Cape
Town has offered Masters-level training in epidemio-
logical methods since the mid-1990s, and today runs
a Master of Public Health (MPH) programme,
which offers specializations in epidemiology and bio-
statistics or clinical epidemiology. The University of
Zimbabwe is one of the oldest public health educa-
tional programmes in the AFRO region, having started
a Master of Public Health (MPH) training in the early
1990s. Although enrolment criteria initially favoured
doctors already working in public health or aspiring to
do so, they now include other health professionals.
The programme aimed at and succeeded in providing
epidemiologically competent public health specialists.
Since 2010, the MPH programme has been comple-
mented by a Master of Sciences (MSc) in Clinical
Epidemiology offered by the University of Zimbabwe
College of Health Sciences.28
The University of the Western Cape in South Africa
and the Makerere University School of Public Health
in Uganda reported that by 2007,4600 graduates had
earned certificates or diplomas in public health
through their distance learning options.29 A recent
resource to strengthen academic public health train-
ing through universities is the ‘Higher Education
Alliance for Leadership Through Health’.30 This alli-
ance of East African Schools of Public Health
(Makerere University School of Public Health,
Uganda; Muhimbili University of Health and Allied
Sciences, Tanzania; National University Rwanda
School of Public Health; Jimma University, Ethiopia;
and University of Nairobi College Community Health
and Moi University School of Public Health, both in
Kenya).
Another resource for public health training is the
One Health Central and Eastern Africa (OHCEA)32
consortium. OHCEA is a network of 14 Schools of
Public Health and Veterinary Medicine in six central
and eastern African countries (Uganda, Tanzania,
Ethiopia, Rwanda, Kenya and Democratic Republic
of Congo). One Health Central and Eastern Africa
is supported by the US Agency for International
Development (USAID). Its mission is to drive trans-
formational change for continuous improvement of
health and well-being of humans, animals and eco-
systems. In addition, the East African Public Health
Association holds annual conferences in collaboration
with the Tanzania Public Health Association. From
1985–95, the Epidemiological Society of Southern
Africa existed in South Africa, but this has been inte-
grated into the Public Health Association of South
Africa, which holds annual meetings with public
health and epidemiological research features on the
agenda and capacity-building sessions on particular
issues in public health research methods. At the con-
tinental level, it is also worth mentioning the
Association of Schools of Public Health in Africa,
1832 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY
which was established in 2010 to foster the practice
of public health in Africa, including advocacy for
public health policy, research, training and technical
collaboration, such as development of curricula and
modules.33
Epidemiological modelling training has been pro-
vided since 2006 by the South African Centre for
Epidemiological Modeling and Analysis (SACEMA)34
based at Stellenbosch University. This centre is con-
ducting a variety of major research projects concen-
trated on TB and HIV and has greatly contributed to
the understanding of transmission, surveillance and
control for both diseases. Additionally, SACEMA is
the leading institute on computational epidemiolo-
gical modelling in Africa and hosts multiple training
courses. SACEMA also provides scholarships for
African nationals to train in multi-disciplinary re-
search at the centre, helping to build capacity for
modelling activities in Africa.
Field epidemiology training
Field epidemiology training is offered through various
cooperative efforts. One major contributor is the
African Field Epidemiology Network (AFENET),35
with funding from the Division of Global Public
Health Capacity Development of the US Centers for
Disease Control and Prevention (CDC), USAID, WHO/
AFRO and WHO Lyon, the Task Force for Child
Survival and Development, the Emory University
School of Medicine, the Merck Foundation and
Health Systems 20/20, a USAID-funded project.36
AFENET is a non-profit organization and networking
alliance dedicated to helping Ministries of Health in
Africa build strong, effective, sustainable programmes
and capacity to improve public health systems on the
African continent. AFENET is based in Uganda and
currently operates in 11 member countries (Ethiopia,
Kenya, Tanzania, South Africa, Zimbabwe, Niger,
Nigeria, Ghana, Mali, Burkina Faso, Togo). South
Sudan is an associate member, and several other
AFRO countries (Democratic Republic of Congo,
Central Africa Republic, Cameroon, Mozambique)
are likely future members. AFENET offers two
residency-based programmes in applied epidemiology:
Field Epidemiology Training Programs and Field
Epidemiology and Laboratory Training Programs.
The programmes’ combination of classroom-based
instruction, mentored practical work and laboratory
practice (in Field Epidemiology and Laboratory
Training Programs) provides hands-on multi-
disciplinary training in public health surveillance,
outbreak investigation, laboratory management, pro-
gramme evaluation and other aspects of epidemiology
research and methods.
The International Clinical Epidemiology Network
(INCLEN), initially created by the Rockefeller
Foundation and now an independent organization
whose coordinating office is in New Delhi (India), is
an association of 82 clinical epidemiology institutes
around the world, nine of which are in Africa.
INCLEN-Africa is the network of clinical epidemiology
units based in Uganda, Ethiopia, Zimbabwe, South
Africa, Kenya, Tanzania, Ghana, Nigeria and
Zambia. Each clinical epidemiology unit consists of
a number of social scientists, biostatisticians and
clinicians from different disciplines based in a
leading teaching medical institution and who have
been trained at the Masters degree or Doctor of
Philosophy (PhD) level in Clinical Epidemiology. The
mission of INCLEN-Africa is to improve quality and
equity of health services for the people of Africa by
promoting quality research, practice of evidence-based
health care, research capacity building and creation of
strategic partnerships.37
The International Epidemiologic Database to Evaluate
AIDS (IeDEA) is a network of regional consortia at 11
regional sites around the world funded by the US
National Institutes of Health. The East African region
is the major IeDEA site in the WHO/AFRO region and
includes Kenya, Uganda and Tanzania. The database in
East Africa follows 120 000 HIV-infected adults and
children. In addition to data analysis, IeDEA augments
capacity building by providing field training in
Epidemiology, Biostatistics and Data Management.38
For example, the Southern African region includes
sites across South Africa, Zambia, Malawi and
Botswana, and features a Data Management Centre
at the University of Cape Town that links
post-graduate training (including MPH and PhD stu-
dents) to research opportunities in epidemiology.
The International Network for the Demographic
Evaluation of Populations and their Health
(INDEPTH) is a network of 42 health and demo-
graphic surveillance system sites based in low-income
countries in Africa and Asia, with headquarters in
Accra, Ghana.39 INDEPTH was set up by its members
to increase their research productivity, amount, qual-
ity and impact by sharing experience and skills and
mounting multi-site field research projects. To do this,
INDEPTH and its members collect and analyse
high-quality health and demographic surveillance
data and make standardized data series and data
sets available to the wider scientific community. The
INDEPTH Network aims to build scientific leadership
in member sites through Masters programmes of the
University of the Witwatersrand in Johannesburg,
South Africa, and is now considering adding PhD
programmes. As of 2011, there were 35 MSc in
population-based field epidemiology students from
low- and middle-income countries enrolled and 14
who already graduated.39
Training in epidemiology and public health
offered by institutions outside Africa,
including online training
Numerous universities with Schools of Public
Health in high-income countries (North America,
Europe Union, UK, Australia, etc.) offer
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short-, medium- (Masters), or long-term (PhD) train-
ing in Epidemiology to students from the WHO/AFRO
region. Funding to access such training programmes
has been provided during the past decades by the
French Agence Nationale de la Recherche Scien-
tifique,40 the Fogarty International Center (FIC) of
the US National Institutes of Health and from re-
search training programmes such as AIDS Training
and Research Program (AITRP),3,41 the UK-based
Wellcome Trust and the European Developing Coun-
tries Clinical Trial Partnership42 to cite just few. To
date, the National Institutes of Health (NIH)/
FIC-funded AITRP programme has invested in African
investigators who have been trained in the USA and
returned home to make significant contributions to
groundbreaking studies on microbicides to prevent
HIV in South Africa,43 male circumcision in Rakai
district, Uganda,44 prevention of mother-to-child
transmission of HIV in Kenya,45 Malawi,46 HIV treat-
ment as prevention47 or evaluation of novel regimens
for prevention of TB in HIV-infected adults.48 In add-
ition, the John McGoldrick Programme initiated in
2008 at the Harvard School of Public Health offers a
6-month training in Biostatistics and Epidemiology
in Boston and is targeted at physicians from Africa
who show promise in clinical/epidemiological research
and dedication to applying the acquired knowledge
in conducting high quality AIDS research back in
Africa.49 Online educational programmes from foreign
institutions are also available. For example, Super-
course is a repository of lectures on epidemiology and
global health available on the internet free of charge
through the Department of Epidemiology at University
of Pittsburgh Graduate School of Public Health.50
Online programmes can provide an important educa-
tional and training option in areas where local pro-
grammes are not available. However, it is necessary
to understand better what proportion of epidemiolo-
gists and public health degree holders are trained
outside Africa as opposed to in Africa. This information
is essential to judge and plan for training capacity
needs, for reasons of sustainability, to ensure that Afri-
cans get the training relevant to public health in Africa
and to begin planning and building Africa’s own
alumni network that will further support epidemiology
and public health training capacity for the continent.
Linking training and research
Although availability of local and foreign programmes
is a substantial improvement for the AFRO region,
researchers in epidemiology and public health
remain scarce.26 Furthermore, most local and foreign
educational programmes offer insufficient research
experience, and most graduates require further
on-the-job training in epidemiology practice and re-
search.51 Unfortunately, even though graduates’ home
institutions often have ongoing externally funded epi-
demiological studies coordinated by expatriates and
older expert academicians, these studies are usually
separated from the institution’s educational pro-
grammes, and graduates often cannot access them
for training.26,52,53
Epidemiology and public health
research output
An estimated 8835 indexed epidemiology and public
health articles were published by authors from
the WHO/AFRO region between 1991 and 2010
(Figure 1). Seven countries (South Africa, Kenya,
Nigeria, Tanzania, Uganda, Ethiopia and Cameroon)
are in the highest quintile with a total of 401–1978
indexed articles. Thirteen, eight and twelve countries
belong to second quintile (101–400 articles), third
quintile (51–100 articles) and fourth quintile (11–50
articles), respectively, whereas six countries, Cape
Verde, Sao Tome and Principle, Liberia, Comoros,
Lesotho and Swaziland, fall in the lowest quintile
and produced <10 indexed articles. From 1991 to
2010, epidemiology or public health research output
in the WHO/AFRO region increased from 172 to 1086
peer-reviewed articles (APC¼ 10.1%, P for trend
<0.001) (Figure 2). Most articles concerned HIV/AIDS
(11.3%), malaria (8.6%) and TB (7.1%). Similarly, the
number of first authors (APC¼ 7.3%, P for trend
< 0.001), corresponding authors (APC¼ 8.4%, P for
trend < 0.001) and last authors (APC¼ 8.5%, P for
trend < 0.001) from Africa increased during this period.
In absolute numbers, authors from the top seven
countries combined produced almost two-thirds
(61.4%) of the total indexed articles (Figure 3).
Authors from South Africa (22.4%) produced the high-
est number of articles, followed by authors from Kenya
(9.6%) and Nigeria (8.9%) (P< 0.001, comparing each
country with South Africa). Regionally, authors from
Southern Africa (2739 articles; APC¼ 10.9%, P for
trend < 0.001) produced the highest number of articles,
followed by authors from East Africa (2597 articles;
APC¼ 10.2%, P for trend < 0.001) and closely followed
by authors from West Africa (2564 articles;
APC¼ 10.1%, P for trend < 0.001) (P< 0.001, compar-
ing each country with South Africa) (Figure 4). Overall,
French-speaking parts of Africa produced many fewer
publications (2260/8835, 25.6%) than a English-speak-
ing areas (6575/8835, 74.4%) (P< 0.001). The top 20
journals publishing the articles are shown in Table 1.
The top three are Tropical Medicine and International
Health (3.1%), American Journal of Tropical Medicine and
Hygiene (2.9%) and Transactions of the Royal Society of
Tropical Medicine and Hygiene (2.4%).
Small countries like the Seychelles, Gambia and
Gabon had the highest research output per million
inhabitants. However, when total published research
manuscripts were adjusted for gross domestic product
(GDP), Gambia, Guinea Bissau and Zimbabwe were
the most productive countries. Gambia, Guinea Bissau
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and the Seychelles had the highest number of publi-
cations per 1 million US dollars of health expenditure.
A moderately positive correlation exists between
total numbers of published articles and population
size of countries (r¼ 0.556, P¼ 0.001). A stronger
positive correlation was also seen between total num-
bers of published articles and national GDP (r¼ 0.800,
P< 0.001) (Figure 5). There also was a positive
correlation between the total numbers of published
article and health expenditure (r¼ 0.844, P< 0.001)
(Figure 6).
Population size, language, GDP, number of public
health training institutions, health expenditure,
research and development expenditure and number
of HIV patients were statistically associated with re-
search productivity (Table 2). For every 1 million
increase in a country’s population size, the expected
research productivity increases by 92% (IRR¼ 1.92;
95% CI 1.66–2.22). Compared with French-speaking
countries, English-speaking countries were 124%
more likely to have indexed articles (IRR¼ 2.24;
95% CI 1.08–6.64). Research productivity increased
by 96% per one US$ billion increase in country’s
GDP (IRR¼ 1.96; 95% CI 1.64–2.34). For every one
additional increase in the number of public health
training institutions in a country, research productiv-
ity increased by 298% (IRR¼ 3.98; 95% CI 2.68–5.89).
Similarly, for every 1% increase in GDP spent on
health expenditure (IRR¼ 1.92; 95% CI 1.61–2.30)
and research and development expenditure (IRR¼
1.92; 95% CI 1.56–2.36), research productivity
increased by 92%. Countries’ research productivity
Figure 1 Map representing WHO/AFRO public health and epidemiology publications indexed by SCI (1991–2010)
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Figure 2 Trends in public health and epidemiology articles output by WHO/AFRO researchers as first, last or corresponding
authors indexed by SCI (1991–2010)
Figure 3 Top seven countries (highest quintile) and trends in epidemiology and public health articles output indexed by
SCI (1991–2010). TP, total published articles
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Table 1 Top 20 journals and their impact factors with WHO/AFRO researchers as first, senior or corresponding authors
Journal TPa % 2010 IFa
Tropical Medicine and International Health 243 3.1 2.841
American Journal of Tropical Medicine and Hygiene 227 2.9 2.446
Transactions of the Royal Society of Tropical Medicine and Hygiene 188 2.4 2.832
Malaria Journal 143 1.9 3.489
AIDS 141 1.8 6.348
Acta Tropica 132 1.7 2.262
East African Medical Journal 128 1.7 N/A
Bulletin de la Socie´te´ de Pathologie Exotique 127 1.6 N/A
Journal of Clinical Microbiology 124 1.6 4.22
Bulletin of the World Health Organization 122 1.6 5.459
South African Medical Journal 112 1.5 1.676
Journal of Infectious Diseases 102 1.3 6.288
Lancet 93 1.2 33.633
International Journal of Tuberculosis and Lung Disease 91 1.2 2.557
Veterinary Parasitology 87 1.1 2.331
Annals of Tropical Medicine and Parasitology 81 1.0 1.288
BMC Public Health 81 1.0 2.364
Journal of Medical Virology 80 1.0 2.895
Onderstepoort Journal of Veterinary Research 79 1.0 0.302
Tropical Animal Health and Production 77 1.0 1.003
aTP, total productivity (total number of articles indexed in SCI between 1991 and 2010); IF, impact factor.
Figure 4 Trends in WHO/AFRO sub-regional epidemiology and public health articles output indexed by SCI (1991–2010).
Note: The apparent contrast in North African showing little rise in published output for 2 decades need to take account
of the fact that our bibliometric analysis covers only WHO/AFRO region, which include Algeria as the only North
Africa country. Four other North African countries (Morocco, Libya, Egypt, Tunisia) are included the WHO’s Eastern
Mediterranean Regional Office (WHO/EMRO). TP, total published articles
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increased by 47% per 1000 increase in the number of
HIV patients (IRR¼ 1.64; 95% CI 1.42–1.90). There
was no association between adult literacy rate,
number of physicians, prevalence of TB, malaria
cases and research productivity. In multivariate ana-
lysis (Table 2), only the number of public health
training institutions (IRR¼ 3.41; 95% CI 1.90–6.11)
and number of HIV patients (IRR¼ 1.30; 95% CI
1.02–1.66) remained associated with research
productivity.
National and state/provincial epidemiology or
public health institutes
Many national health research institutes in the AFRO
region operate under direction of a Ministry of Health
or other national ministry, e.g. the National Institute
of Medical Research in Tanzania,54 the National
Institute of Health Research of Zimbabwe,55 the
Kenya Medical Research Institute (KEMRI)56 and
the Uganda Virus Research Institute.57 However, the
South African Medical Research Council is inde-
pendently established under an act of Parliament.
Members of the Board are appointed by the
Minister of Health—to whom they are thus account-
able.58 The South African Medical Research Council
has played a major role for decades in advancing
medical research through its various cooperative
responsibilities. The Medical Research Council
(MRC)’s role in developing skills of future health re-
searchers is apparent in its support for epidemiology
and public health programmes in South African uni-
versities. The Nigerian Institute of Medical Research
was established in 1977 and tasked with research in
human medicine by the Nigeria Ministry of Health.
The Nigerian Institute of Medical Research has made
modest contributions to local research efforts but does
not have applied epidemiology or national surveil-
lance capabilities.59
Non-governmental research
capacity-building centres or
organizations
Significant challenges remain for African countries
to establish a common framework for sustainable
research capacity strengthening. One rapidly growing
approach is establishment of regional or national cen-
tres of research excellence. These institutions tend to
be research-focused centres that link to epidemiology
training programmes within countries or internation-
ally. Selected models of well-functioning research and
r=0.800, P<0.0001
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Table 2 Factors associated with public health and epidemiology research productivity in WHO/AFRO, identified by
univariable and multivariable negative binomial regressions
Indicatora
Univariable (unadjusted) Multivariable (adjusted)
IRR (95% CI) P-value
Percentage
Change IRR (95% CI) P-value
Percentage
Change
Country’s population (in millions) 1.92 (1.66–2.22) 0.000 92.0 1.21 (0.80–1.84) 0.372
English (vs French) speaking 2.24 (1.08–6.64) 0.030 123.8 0.66 (0.35–1.23) 0.188
Adult literacy rate
(% of people 515 years)
1.74 (0.64–4.71) 0.278 N/A N/A N/A N/A
GDP (in US$ billion) 1.96 (1.64–2.34) 0.000 95.8 1.67 (0.59–4.71) 0.332
Physicians (per 100 000 people) 1.24 (0.91–1.69) 0.176 N/A N/A N/A N/A
Public health training institutes 3.98 (2.68–5.89) 0.000 297.5 3.41 (1.90–6.11) 0.000 241.2
Expenditure
Health expenditure
(as % of GDP)
1.92 (1.61–2.30) 0.000 92.4 0.87 (0.35–2.16) 0.762
Research and development
(as % of GDP)
1.92 (1.56–2.36) 0.000 91.9 0.61 (0.33–1.13) 0.116
Burden of disease
Number of HIV patients 1.64 (1.42–1.90) 0.000 63.9 1.30 (1.02–1.66) 0.034 30.0
TB prevalence
(per 100 000 people)
1.73 (0.99–3.02) 0.053 N/A N/A N/A
Malaria cases 0.99 (0.88–1.11) 0.855 N/A N/A N/A N/A
IRR, incidence rate ratio; CI, confidence interval; GDP, gross domestic product; N/A, not applicable.
aIndicators were log transformed.
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research support centres that support epidemiology
and population health research capacity building in
sub-Saharan Africa with support from various fund-
ing agencies to include WHO/TDR,60 the Ifakara
Health Institute in Tanzania,61 Kintampo Health
Research Centre in Kintampo, Ghana,62 KEMRI-
Wellcome Trust Research Programme in Kilifi,
Kenya,63 the Manhic¸a Health Research Centre in
Maputo, Mozambique,64 the Infectious Diseases
Institute of Makerere University in Kampala,
Uganda,65,66 the Rakai Health Sciences Programme
in Rakai, Uganda,67 the Malaria Research and
Training Centre, University of Bamako, Mali,68 the
Research Support Centre of the College of Medicine
in Malawi69 and the Centre for the AIDS Programme
of Research in South Africa.70
The Council on Health Research for Development
(COHRED) network concentrates on strengthening
national and institutional governance of research
and innovation for health, equity and development
in low- and middle-income countries worldwide and
has a strong presence in sub-Saharan Africa.71
COHRED supports national governance by creating
and maintaining Health Research Web72 knowledge
platforms that operate in a ‘wiki-type’ mode to
enable countries and institutions to provide high-
quality information on national health-research sys-
tems, funders’ strategies and activities related to
health research. It extends into ethical review of
health research through a separate platform.73 In add-
ition, the Initiative to Strengthen Health Research
Capacity in Africa (ISHReCA)74 is an African-led
WHO/TDR-supported network of scientists aimed at
advocacy and building capacity for health research
in Africa and improving health systems at the same
time.75
The African Network for Drugs and Diagnostics
Innovation (ANDI), started in 2008, receives funding
from the European Union. Its main current activity is
encouraging African institutions ‘to be recognized as
centres of excellence’, which brings ‘the opportunity
to become future ANDI centres for health innovation
and further capacity development in Africa’. These
centres will be expected to participate both in the im-
plementation of ANDI projects, which will be linked
to capacity building, and stimulation of intra-African
collaboration and networking.76
Major recent international medical education initia-
tives that include substantial epidemiology and public
health research capacity-building include programmes
from the USA and Canada. In 2008, the US
President’s Emergency Plan for AIDS Relief provided
leadership to support the fight against HIV/AIDS, TB
and malaria and was instrumental in the dramatic
increase of access to antiretroviral therapy in
low-income countries. However, by October 2010,
President’s Emergency Plan for AIDS Relief recog-
nized the need to build strong health worker infra-
structure and health systems to sustain initial
achievements. To do so, it provided a $130 million
grant to expand medical education and research cap-
abilities, including epidemiology, through 13 African
academic institutions to increase the number of
health care staff trained and education quality during
the next 5 years.77,78 The Health Research Capacity
Strengthening Initiative partnership between the UK
Department for International Development, the
International Development and Research Center,
Canada, and the Wellcome Trust has lent support to
develop nationally available research grant funding,
awarded and administered locally, in Kenya and
Malawi. The Wellcome Trust has recently launched
an African Institutions Initiative, which aims to
build a critical mass of sustainable local research cap-
acity across Africa by strengthening African universi-
ties and research institutions.79
Funding for epidemiological and
public health training or research
Most of the funding for epidemiological research in
the AFRO region comes from grants and collaborative
research projects funded by external sources such as
NIH, CDC, USAID, Department for International
Development, Australian Agency for International
Development, professional societies, private organiza-
tions and universities. Charitable organizations such
as the Wellcome Trust, the Bill & Melinda Gates
Foundation and private industry (i.e. pharmaceutical
companies) also provide financial support for research
throughout the region—directly or through large pro-
grammes they fund. Inevitably, most such externally
funded research focuses on the three big conditions
only—HIV/AIDS, TB and malaria—but there is a
growing interest in addressing the need to cover epi-
demiology and public health research training and
practice relevant to other conditions such as
non-communicable diseases (including the emerging
burden of disease linked to mental health and
trauma/violence) or health systems with the support
of the Alliance for Health Systems and Policy
Research and the Doris Duke Foundation’s African
initiative.80
Many private organizations offer scholarships for
students from developing nations to attend universi-
ties or training sessions overseas. Professional socie-
ties also frequently offer financial support to bring
researchers from low-income countries to their con-
ferences to encourage sharing of results and collabor-
ation. Unfortunately, with too few exceptions—such
as South Africa funding the South African Medical
Research Council, Kenya funding its KEMRI,
Tanzania funding its National Institute for Medical
Research and a few others—there is minimal public
funding from national and local governments for epi-
demiological research and little, if any, from local pri-
vate organizations within the countries of the AFRO
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region. A comparative analysis of the selected epidemio-
logical and/or public health research capacity-building
initiatives of45 years in existence (AFENET, INCLEN,
COHRED, ISHReCA, NIH/FIC-AITRP) demonstrate
clear achievements and key challenges such as
long-term sustainability, which is threatened by de-
pendence on foreign funding (Supplementary Table
S2, available as Supplementary data at IJE online).
Human resources in epidemiology
There is a global shortage of health care workers in
general and particularly of personnel that are appro-
priately trained.81,86 In addition, there are limited
opportunities and resources for more advanced epi-
demiology training in Africa and mostly a lack of at-
tention to continuous professional development as
well as support staff, hardware, software and speedy
internet connectivity. Funding shortfalls and lack of
career prospects lead to the loss of talented individ-
uals (from both clinical and public health disciplines)
to pursue academic or employment opportunities else-
where. Those who remain in Africa may find work in
the non-governmental sector or private sector without
using their epidemiology training. Of those that leave
Africa for training, many will not return to their
home countries to work or teach. Although numbers
are difficult to estimate, the collective effect is both
an ‘internal’ and an ‘external’ ‘brain-drain’ in Africa.
Furthermore, additional hurdles exist to creating a
large and well-trained workforce in epidemiology in
Africa, including poor recognition in Africa of
epidemiology as a distinct and valuable discipline,
restriction of epidemiology education to doctors in
many regions, few funding opportunities for epi-
demiological research and surveillance and poor sup-
port for epidemiologists once trained.
However, a clearer picture is emerging of what the
ideal epidemiology workforce in the AFRO region
would look like. According to our survey respondents,
it should include both field epidemiologists working
in surveillance and health-related non-governmental
organizations and clinical and academic epidemiolo-
gists working to advance epidemiological training and
research in academic institutions, health care settings
and research organizations. In addition, the workforce
should include health professionals from public and
private institutions and with a range of backgrounds,
including medical and veterinary doctors, environ-
mental health professionals, nurses, laboratory scien-
tists, social scientists and others. Ideally, each district
should have a health professional trained in epidemi-
ology to provide support for field epidemiology pro-
jects and other efforts to identify and address issues
at the district level. A Masters degree in public health
or epidemiology should be the minimum desired cre-
dential, with PhDs in epidemiology expected for those
serving as trainers or supervisors. Although our survey
respondents are not a representative global sample
and may have selection bias, their collected opinions
regarding a future vision for epidemiology training
and research in the region provide a valuable founda-
tion for planning.
Discussion
A key finding of this study is that during the past 2
decades, the amount of research carried out in the
AFRO region has increased dramatically, whether
conducted by Africans alone or in collaboration with
partners from high-income countries. In parallel, the
number and quality of publications also have
increased, with particular increases in publications
in high impact journals. The findings from our multi-
variable regression model corroborate this by showing
that epidemiology and public health research product-
ivity was associated with number of HIV patients in-
dependent of other factors. This association and
factors such as increasing North–South collaborations
are likely to account for the rapid acceleration in
output in recent years seen in South Africa, Nigeria
and the eastern Africa region.
Given the growing global interest and the regional
impact of non-communicable diseases (including ma-
ternal, neonatal and child health) and climate change,
such areas of research and training emphasis—disease
epidemiology through the life course and climate
change/environmental epidemiology—need to move
much higher on the agenda in Africa.87 This is espe-
cially true in sub-Saharan Africa, where epidemiology
training has mostly served control of communicable
diseases in general and control of HIV/AIDS, TB and
malaria in particular. Additionally, to comprehen-
sively and efficiently address the full burden of dis-
eases in WHO/AFRO, the next decade must
see increases in regional epidemiological expertise
to identify and elucidate causes of illness rather
than just to control communicable diseases and
outbreaks.
As national training curricula need to run ahead of
national disease burden changes, it is urgent that
African and external training programmes include a
much more substantial part of public health and epi-
demiology training in non-communicable disease epi-
demiology. With the current global interest in non-
communicable diseases (NCDs) on the increase,
there is a key opportunity to resource African-based
epidemiology training programmes (e.g. using exist-
ing structures and leveraging on successful pro-
grammes on infectious disease research) to be able
to deal effectively with NCDs. This can take
many forms, including offering PhD scholarships,
twinning with successful NCD programmes outside
Africa, upgrading of expertise of current academic
staff and inclusion of distance learning modules into
current African programmes. This list is not
exhaustive.
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We found that collaboration in public health and epi-
demiological research in WHO/AFRO happens mostly
with researchers in western Europe and the USA and
to a far lesser extent with researchers within Africa or
Asia. There are many fewer collaborations involving
Latin America, but we are aware that Brazil is taking
an active interest in building public health research cap-
acity in lusophone countries in Africa, specifically
Mozambique and Angola. Whenever collaborative re-
search is in place, it is often not linked to post-graduate
training programmes in epidemiology, thus missing
major opportunities for experiential training of high
quality epidemiologists. Features that seemed to sup-
port more successful partnerships include a strong cap-
acity development component, mutual respect of
partners, research priorities driven by local needs, in-
volvement of all the key players (including policy
makers) and diversity of funding mechanisms
(including by local governments).
Centres of epidemiology or public health research
excellence or field epidemiological training pro-
grammes—often linked to one or more high-income
country donor or research institution—are gaining
popularity as a tool for research capacity building in
epidemiology and public health, and the number of
such centres in increasing. However, Masters-level
training in public health and epidemiology should
be available to all countries—using internet-based re-
sources to supplement areas where capacity lacks.
More specialized epidemiology training should be de-
veloped in African institutions or centres of excellence
where there is already proven capacity—and where
additional resources can be used to increase the
reach of these institutions.
In addition, even though African countries pay for
most local salaries and institutions, external funding
influences the research topics being addressed.
Priorities from external countries and agencies and
those from African countries or from the continent
as a whole do not necessarily correlate closely.82,83
Thus, for Africa to take charge of its own research
agenda, it will have to start investing in its own re-
search—epidemiological and public health research
included.84,85 Indeed, as shown in our comparative
analysis of existing epidemiological and public
health capacity building initiatives in WHO/AFRO,
one of the major challenges is sustainability of such
efforts, as they are threatened by dependence on
foreign funding, and this need to be addressed
urgently.
There are still major shortfalls in continental train-
ing capacity in epidemiology and public health, but
possibly also in job specifications and career opportu-
nities that require graduate epidemiology training.
Training opportunities and demand for epidemiolo-
gists should be high, given the health needs of the
region. However, human resources for epidemiological
and public health research are still limited and are in-
sufficient to meet the demand and expertise needed.
Futhermore, although public health training is offered
by a number of institutions, post-graduate epidemi-
ology training is not yet as common.
Lastly, although this article focused on WHO/AFRO,
there are excellent training epidemiology programmes
in north African countries, which are not under WHO/
AFRO such as Tunisia, Morocco and Egypt. These are
often less expensive than programmes in English-
speaking Africa and are often in French, which can
supplement lack of capacity in French-speaking
regions.88,89 Taking a Pan-African view, this is an
option well worth pursuing.
Conclusions and recommendations
Epidemiological research, capacity and expertise in
Africa are increasing, but they can have a greater
impact on health if the following recommendations
are implemented. Human resources planning for
public health and epidemiology will need the same
level of attention from local and global actors as
human resources for personal health services.
Without an adequate epidemiology workforce, public
health cannot take off—and without public health,
disease prevention and health promotion will remain
stunted. In short, planning for ‘human resources for
health’ without a grand strategy for epidemiology and
epidemiologists is self-defeating. In addition, African
governments must invest in epidemiology and public
health research if they want to take charge of the
research agenda and sustain existing capacity building
efforts, which are mostly foreign funded. To do this,
investments in more graduate and post-graduate
training programmes in epidemiology and public
health are needed across the continent. They should
not only aim for Masters level (with introductory and
intermediate epidemiology), but some—in academia
and centres of excellence—should target doctoral pro-
gramme level and the creation of tenure track pos-
itions for epidemiologists with advanced analysis
skills.
Foreign-funded epidemiology and public health re-
search programmes must maximize the potential for
epidemiological research capacity building by linking
to national graduate institutions in public health.
Ideally, all international collaborative health research
programmes with public health characteristics should
be linked to at least one African School of Public
Health or similar institution that provides graduate
degrees in epidemiology or public health. The recently
created Association of Schools of Public Health in
Africa should have a major focus on advocacy, stand-
ardization, collaborative fundraising for research and
training activities and holding governments and inter-
national collaborators accountable to address all of
Africa’s priority public health problems with relevant
research and funding. This could perhaps be built into
existing groupings, like ISHReCA, or grow out of
existing regional or sub-regional epidemiological and
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public health associations to cover regional economic
(and language) communities such as the Community
Market of Eastern and Southern Africa, the Economic
Community of West African States and the Economic
Communities of Central African States as first targets.
Supplementary Data
Supplementary Data are available at IJE online.
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KEY MESSAGES
 Epidemiology and public health research productivity is skewed in the 46-member WHO/AFRO
region: South Africa, Kenya and Nigeria make up a striking 40% of the total number of articles
indexed by PubMed between 1991 and 2010.
 To increase epidemiology research productivity in the region, more high-quality intermediate and
advanced levels epidemiology education and training programmes are needed, as is increased recog-
nition of the ability of epidemiology to identify causes of disease.
 The primary emphasis for growth should be on Masters level training, with some doctoral and
post-doctoral training opportunities in academia and centres of excellence, to ensure that Africa
becomes self-sufficient in epidemiological research and education.
 In sub-Saharan Africa, epidemiology training has mostly served control of communicable diseases
in general and control of HIV/AIDS, TB and malaria in particular. However, to comprehensively
and efficiently address the full burden of diseases in WHO/AFRO—which includes an increasing
impact of non-communicable diseases, maternal and child health conditions and injury—regional
epidemiological expertise will be needed that can identify emerging health concerns and elucidate
determinants of population burden of disease, rather than just control communicable diseases and
outbreaks.
 Comparative analysis of the various epidemiological and/or public health training and research
capacity-building initiatives of45 years in existence (AFENET, INCLEN, COHRED, ISHReCA, NIH/
FIC-AITRP) demonstrate clear achievements, but sustainability of such efforts is threatened by de-
pendence on foreign funding, and this need to be addressed urgently.
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